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A method for controlling a vapor compression system, such
as a refrigeration system, preferably an air condition system,
comprising at least two evaporators. While monitoring a
superheat (SH) at a common outlet for the evaporators, the
amount of available refrigerant is controlled in response to the
SH and in order to obtain an optimum SH value. The available
refrigerant is distributed among the evaporators in accor-
dance with a distribution key. The distribution key is prefer-
ably obtained while taking individual consideration to oper-
ating conditions for each of the evaporators into account.
Thereby the vapor compression system can be operated in
such a way that each of the evaporators is operated in an
optimal manner, and in such a way that the system in general
is operated in an optimal manner.
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Monitoring a superheat, SH, only at the common
outlet of the at least two evaporators

Controlling an amount of available refrigerant in response to
the monitored superheat, SH, at the common outlet of the at
least two evaporators in order to obtain alowest possible
superheat, SH, value

Operating the expansion device to provide a superheat,
SH, level which is sufficiently high to prevent liquid
refrigerant from passing through the evaporators

Obtaining afirst distribution key determining allocation of
available refrigerant among the evaporators, while the
superheat, SH, level is suffidently high to prevent liquid

refrigerant from passing through the evaporators

Adjusting the distribution of refrigerant through
each of the evaporators to be in accordance with
the first distribution key

Operating the expansion device to lower the
supetheat, SH, level, by increasing opening time
of the expansion device or by decreasing the
refrigeration load on the vapor compression
system

Obtaining a second distribution key at the lowered SH level
obtained by said operation of the expansion device, the
second distribution key modifying the first distribution key’s
allocation of available refirgerant among the evaporators for
the lowered SH level

Distributing the available refirgerant among the
evaporators in accordance with the second
distribution key, and by using the expansion

device

FIG. 4
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1
METHOD FOR CONTROLLING A VAPOUR
COMPRESSION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is entitled to the benefit of and incorpo-
rates by reference essential subject matter disclosed in Inter-
national Patent Application No. PCT/DK2008/000214 filed
on Jun. 11, 2008 and Danish Patent Application No. PA 2007
00847 filed Jun. 12, 2007.

FIELD OF THE INVENTION

The present invention relates to a method for controlling a
vapor compression system, such as a refrigeration system,
e.g. an air condition system. More particularly, the present
invention relates to a method for controlling a vapor compres-
sion system comprising at least two evaporators.

BACKGROUND OF THE INVENTION

In vapor compression systems comprising only one evapo-
rator it is often attempted to control a mass flow of refrigerant
supplied to the evaporator in such a manner that the potential
refrigeration capacity of the evaporator is utilized to the maxi-
mum possible extent. On one hand, a large amount of gaseous
refrigerant in the evaporator is undesirable, since it has an
adverse effect on the refrigeration capacity of the evaporator
because refrigeration takes place due to a phase transition of
the refrigerant present in the evaporator. On the other hand, it
is undesirable to allow liquid refrigerant to pass through the
evaporator, because thereby the full refrigeration capacity of
the refrigerant is not utilized, and because it might cause
damage to the compressor. It is therefore desirable to control
the mass flow of refrigerant to the evaporator in such a manner
that a mixed phase of refrigerant, i.e. refrigerant comprising
gaseous as well as liquid refrigerant, extents to a position
which is as close as possible to an outlet of the evaporator,
without allowing liquid refrigerant to pass through the evapo-
rator. To this end the superheat (SH) at the outlet of the
evaporator is often measured and used as a control parameter.
A high superheat is a sign that too much gaseous refrigerant is
present in the evaporator. A superheat which is zero is a sign
that liquid refrigerant is allowed to pass through the evapo-
rator. Accordingly, it is often attempted to control the mass
flow of refrigerant supplied to the evaporator in such a manner
that a minimal, but positive, superheat is obtained.

In vapor compression systems comprising two or more
evaporators it may be a challenge to control the flow of
refrigerant in the system in such a way that each of the
evaporators is operated in an appropriate manner, and in such
a way that the vapor compression system in general is oper-
ated efficiently, e.g. in the sense described above. More par-
ticularly, it is desirable to control such a vapor compression
system in such a manner that the SH of each of the evaporators
is controlled to be as near to zero as possible without allowing
liquid refrigerant to pass through any of the evaporators.
Furthermore, it is desirable to do this without significantly
increasing the component count of the system.

SUMMARY OF THE INVENTION

It is, thus, an object of the invention to provide a method for
controlling a vapor compression system comprising at least
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two evaporators, the method allowing the potential refrigera-
tion capacity of each evaporator to be utilized to the maxi-
mum possible extent.

Itis a further object of the invention to provide a method for
controlling a vapor compression system comprising at least
two evaporators, the method allowing the vapor compression
system in general to be operated efficiently.

According to the invention the above and other objects are
fulfilled by providing a method for controlling a vapor com-
pression system, the vapor compression system comprising a
compressor, a condenser, at least two evaporators fluidly con-
nected in parallel between the compressor and a common
outlet, and an expansion device for controlling a flow of
refrigerant across each of the evaporators, the method com-
prising the steps of:

obtaining a distribution key determining allocation of

available refrigerant among the evaporators,
monitoring a superheat, SH, at the common outlet,
controlling an amount of available refrigerant in response
to the SH, and in order to obtain an optimum SH value,
distributing the available refrigerant among the evapora-
tors in accordance with the distribution key, and by
means of the expansion device.

Inthe present context the term ‘vapor compression system’
should be interpreted to mean any system in which a flow of
refrigerant circulates and is alternatingly compressed and
expanded, thereby providing either refrigeration or heating of
a volume. Thus, the vapor compression system may be a
refrigeration system, an air condition system, a heat pump,
etc.

The compressor may be a single compressor, but it could
also be two or more compressors, e.g. forming a compressor
rack.

The vapor compression system comprises at least two
evaporators arranged in parallel, preferably in such a manner
that they provide refrigeration to the same refrigerated vol-
ume.

The distribution key determines allocation of available
refrigerant among the evaporators. Thus, the distribution key
determines, given a certain amount of available refrigerant,
how large a portion of the available refrigerant each evapo-
rator shall receive. The distribution key is preferably gener-
ated in such a manner that due consideration is taken to
special operating conditions of each of the evaporators in
order to obtain optimal filling for all of the evaporators. It is
preferably possible to adjust the distribution key during
operation, e.g. in order to take changes in operating condi-
tions into account on a regular basis. However, the distribu-
tion key may alternatively be fixed initially.

Thus, the distribution key may be obtained initially, e.g.
supplied by a storage device or a look-up table which does not
form part of the vapor compression system, or it may be
obtained dynamically, e.g. on the basis of one or more mea-
sured quantities.

The expansion device ensures that the available refrigerant
is distributed among the evaporators in accordance with the
distribution key.

During operation, the SH at the common outlet is moni-
tored. Thus, atthe point where the SH is measured, refrigerant
which has followed various flow paths, passing the various
evaporators, has once again been mixed to form a common
refrigerant flow. Accordingly, the monitored SH value is a
measure for the performance of the entire vapor compression
system, and not for the performance of a single evaporator.
The amount of available refrigerant is controlled in response
to the monitored SH, and in order to obtain an optimum SH
value. As mentioned above, an optimum SH value may be a
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value which is as low as possible without becoming exactly
zero. Thereby it is ensured that the vapor compression system
in general is operated in an efficient manner.

Thus, according to the method of the invention, the vapor
compression system is controlled in such a manner that it is
ensured that the vapor compression system in general is oper-
ated in an efficient manner, while it is ensured that the poten-
tial refrigeration capacity of each of the evaporators is utilized
to the maximum possible extent.

The expansion device may comprise at least one valve. For
instance, the expansion device may comprise one valve for
each evaporator, in which case opening a valve results in
refrigerant being supplied to the evaporator being connected
to that valve, and closing a valve prevents such supply of
refrigerant. Accordingly, open times and/or degree of open-
ing of the valves provide a distribution of the available refrig-
erant among the evaporators.

Alternatively or additionally, the expansion device may
comprise a multi-valve connected to each of the evaporators
in such a manner that, for each evaporator, a time interval
during which the multi-valve supplies refrigerant to the
evaporator can be adjusted, and the step of controlling an
amount of available refrigerant may comprise adjusting said
time interval for each of the evaporators in such a manner that
the mutual distribution of refrigerant among the evaporators
is maintained. According to this embodiment one specially
designed valve is used for controlling the supply of refriger-
ant to all of the evaporators, and this is done in accordance
with the distribution key as well as in accordance with the
necessary amount of refrigerant in the vapor compression
system in order to operate the system in an efficient manner.
Thus, the multi-valve controls the amount of available refrig-
erant as well the distribution of this amount among the evapo-
rators.

The step of controlling an amount of available refrigerant
may comprise adjusting the length of a combined time inter-
val during which refrigerant is supplied to one of the evapo-
rators, e.g. within a specific cycle, relatively to the length of a
combined time interval during which no refrigerant is sup-
plied to the evaporators within the same cycle. According to
this embodiment, the amount of available refrigerant is con-
trolled by adjusting the time where the multi-valve is closed,
i.e. not supplying refrigerant to the evaporators, and the time
where the multi-valve is open, i.e. supplying refrigerant to
one of the evaporators. Thus, if a smaller amount of available
refrigerant is desired, the valve should be operated to be
closed more of the time, and if a larger amount of available
refrigerant is desired, the valve should be operated to be open
more of the time. In any event, this adjustment of the com-
bined open/closed times should be performed without alter-
ing the mutual distribution of refrigerant among the evapora-
tors, i.e. while maintaining a distribution in accordance with
the distribution key.

As mentioned above, the distribution key may be obtained
dynamically. Thus, the step of obtaining a distribution key
may comprise the steps of:

operating the expansion device to provide a SH level which

is sufficiently high to prevent liquid refrigerant from
passing through the evaporators,

obtaining a first distribution key,

adjusting the distribution of refrigerant through each of the

evaporators to be in accordance with the first distribution
key,

operating the expansion device to lower the SH level, and

obtaining a second distribution key.

According to this embodiment the distribution key is
obtained by initially obtaining a rough or crude distribution
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key, i.e. the first distribution key, operating the vapor com-
pression system in accordance with the first distribution key,
and fine tuning the distribution key to obtain a more optimal
distribution key, i.e. obtaining the second distribution key.

The first distribution key is obtained while the SH level is
sufficiently high to prevent liquid refrigerant from passing
through the evaporators. Thereby it is ensured that the first
distribution key does not provide a distribution of the avail-
able refrigerant which accidentally allows liquid refrigerant
to pass through one or more of the evaporators. Accordingly,
the compressor is protected from damage. The high SH level
may, e.g., be obtained by reducing the amount of available
refrigerant considerably, e.g. by decreasing opening time of
the expansion device.

When the distribution of refrigerant through each of the
evaporators has been adjusted to be in accordance with the
first distribution key, the expansion device is operated to
lower the SH level. This may, e.g., be obtained by increasing
opening time of the expansion device or by decreasing the
refrigeration load on the vapor compression system. Alterna-
tively, it may be done in any other suitable manner.

At this lower SH level the second distribution key is
obtained. As mentioned above, this second distribution key
may be regarded as an adjustment or fine tuning of the first
distribution key.

The procedure described above may be repeated in the
sense that a third, fourth, etc. distribution key may be
obtained, each distribution key being an adjustment or fine
tuning of the preceding distribution key.

The step of obtaining a first distribution key may comprise
the steps of:

a) monitoring a superheat, SH, of refrigerant at the com-

mon outlet,

b) moditying the distribution of refrigerant through the
evaporators in such a manner that a mass flow of refrig-
erant through a first evaporator is altered while keeping
the total mass flow of refrigerant through all the evapo-
rators substantially constant,

¢) when a significant change in SH occurs, detecting a
control parameter based on the change in mass flow of
refrigerant through the first evaporator obtained during
step b), and

d) repeating steps a) to ¢) for each of the remaining evapo-
rator(s),

and the step of adjusting the distribution of refrigerant
through each of the evaporators to be in accordance with the
first distribution key may be performed on the basis of the
detected control parameters.

According to this embodiment, the distribution of refrig-
erant through the evaporators is modified while the SH is
monitored. The modification is performed in such a manner
that a mass flow of refrigerant through a selected, i.e. a first,
evaporator is altered in a specific and controlled manner.
Since the total amount of available refrigerant is not altered,
the mass flow of refrigerant through the remaining evapora-
tors must be modified to compensate for the controlled modi-
fication of the mass flow through the first evaporator. How-
ever, the mutual distribution among the remaining
evaporators is kept substantially constant.

When a significant change in SH occurs, a control param-
eter is detected. This control parameter will thereby be sig-
nificant for the behavior of the first evaporator in response to
the performed modification. Thus, the control parameter pro-
vides information about operation and performance of that
specific evaporator.

A significant change in SH could, e.g., be a sudden increase
or decrease in SH. For instance, if the mass flow through the
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first evaporator is increased, then the SH will decrease sig-
nificantly when the mass flow is sufficiently large to allow
liquid refrigerant to pass all the way through the evaporator.
Thus, when such a decrease in SH is detected, a control
parameter is detected, and the control parameter thereby pro-
vides information about the behavior of the first evaporator
during such an event. Ideally the vapor compression system
should be operated in such a manner that each of the evapo-
rators receives exactly enough refrigerant to ensure that a
mixed gaseous/liquid phase of the refrigerant is present along
the entire length of the evaporator without allowing liquid
refrigerant to pass through the evaporator. If this can be
obtained, the performance of each of the evaporators will be
optimal, and the total performance of the vapor compression
system can thereby be optimized without increasing the total
power consumption of the system. This has been described
above. In order to obtain that the potential refrigeration capac-
ity of each of the evaporators is utilized to the greatest pos-
sible extent, it is primarily an objective to ensure that the
evaporators have substantially identical degrees of filling.
Once this has been obtained, it may subsequently be ensured
that the mixed phase of the refrigerant is present along the
entire length of each evaporator. This may, e.g., be obtained
by adjusting the amount of available refrigerant.

By repeating steps a) to ¢) for each of the remaining evapo-
rator(s), control parameters as described above are obtained
for each of the evaporators. Since individual information is
obtained for each of the evaporators, it is possible to use the
obtained information for adjusting the refrigerant distribution
in such a manner that individual characteristics for each
evaporator are taken into account. Accordingly, a refrigerant
distribution can be chosen which ensures that the potential
refrigeration capacity of each of the evaporators is utilized to
the maximum extent possible. This is a great advantage
because the total power consumption of the vapor compres-
sion system may thereby be reduced without reducing the
performance of the system.

Furthermore, the individual control parameters for each of
the evaporators are obtained using the same measuring equip-
ment, i.e. it is not necessary to install a set of relevant sensors
for each of the evaporators. Thereby the component count for
the system can be kept at a minimum, and the initial manu-
facturing costs are thereby also kept at a minimum.

Furthermore, the step of obtaining a second distribution
key may comprise the steps of:

a) monitoring a superheat, SH, of refrigerant at the com-

mon outlet,

b) moditying the distribution of refrigerant through the
evaporators in such a manner that a mass flow of refrig-
erant through a first evaporator is altered while keeping
the total mass flow of refrigerant through all the evapo-
rators substantially constant,

¢) when a significant change in SH occurs, detecting a
control parameter based on the change in mass flow of
refrigerant through the first evaporator obtained during
step b), and

d) repeating steps a) to ¢) for each of the remaining evapo-
rator(s).

According to this embodiment, the second distribution key
is obtained using essentially the same procedure as the one
described above for obtaining the first distribution key.

Alternatively, the step of obtaining a first distribution key
may comprise the steps of:

a) monitoring a superheat, SH, of refrigerant at the com-

mon outlet,

b) moditying the distribution of refrigerant through the
evaporators in such a manner that a mass flow of refrig-
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6

erant through a first evaporator is altered by a predefined
amount while keeping the total mass flow of refrigerant
through all the evaporators substantially constant,

¢) detecting a control parameter based on the change in

mass flow of refrigerant through the first evaporator
obtained during step b), said control parameter reflect-
ing a change in SH occurring as a result of the modifi-
cation of the distribution of refrigerant, and

d) repeating steps a) to ¢) for each of the remaining evapo-

rator(s),
and the step of adjusting the distribution of refrigerant
through each of the evaporators to be in accordance with the
first distribution key may be performed on the basis of the
detected control parameters.

This is very similar to the method described above, and
features which have already been described above will there-
fore not be described in detail here. Instead reference is made
to the description above.

Inthe method according to this embodiment steps b) and ¢)
are performed in the following manner. First the mass flow of
refrigerant through the first evaporator is altered by a pre-
defined amount, i.e. in a known and controlled manner. This
may be performed by increasing or decreasing the mass flow
of refrigerant through the first evaporator by a fixed amount.
Alternatively, it may be performed by varying the flow of
refrigerant through the first evaporator in a known and con-
trolled manner, e.g. following a sinusoidal pattern. During
this, the mass flow of refrigerant through each of the remain-
ing evaporators is also altered to compensate for the change in
mass flow through the first evaporator, thereby keeping the
total mass flow of refrigerant through all of the evaporators
substantially constant. Furthermore, the SH is monitored dur-
ing this step.

When the distribution of refrigerant has been modified as
described above, a control parameter is detected. The control
parameter reflects a change in SH occurring as a result of the
modification of the distribution of refrigerant. The control
parameter being detected may be found in the following
manner. If the temperature of refrigerant is measured as a
function of the length of an evaporator it will be found that the
temperature of the refrigerant is substantially constant in
parts of the evaporator where refrigerant is present in a liquid
phase or in a mixed liquid/gaseous phase. At the position of
the evaporator where the mixed phase ends and a purely
gaseous phase starts, the temperature of the refrigerant starts
increasing, and the increase in temperature continues until the
outlet of the evaporator is reached. In the beginning the slope
of the temperature curve is relatively steep, but the tempera-
ture will approach the temperature of the ambient air asymp-
totically, i.e. the slope will decrease as a function of position
along the evaporator.

Accordingly, if the point where the mixed phase stops and
the gaseous phase starts is relatively close to the outlet of the
evaporator, a change in refrigerant supply, and thereby in the
position of said point, must be expected to have a relatively
significant impact on the temperature of refrigerant at the
outlet. On the other hand, if said point is relatively far from the
outlet, the impact on the refrigerant temperature at the outlet
must be expected to be somewhat smaller, maybe even insig-
nificant. A measured difference in temperature of refrigerant
at the common outlet will therefore provide information as to
how close to the outlet the point where the mixed phase stops
and the gaseous phase starts is positioned. Since it is desired
that said point is as close to the outlet as possible without
allowing liquid refrigerant to pass through the evaporator, a
measured temperature difference is a suitable control param-
eter.
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Furthermore, the step of obtaining a second distribution
key may comprise the steps of:

a) monitoring a superheat, SH, of refrigerant at the com-

mon outlet,

b) moditying the distribution of refrigerant through the
evaporators in such a manner that a mass flow of refrig-
erant through a first evaporator is altered by a predefined
amount while keeping the total mass flow of refrigerant
through all the evaporators substantially constant,

¢) detecting a control parameter based on the change in
mass flow of refrigerant through the first evaporator
obtained during step b), said control parameter reflect-
ing a change in SH occurring as a result of the modifi-
cation of the distribution of refrigerant, and

d) repeating steps a) to ¢) for each of the remaining evapo-
rator(s).

According to this embodiment the second distribution key
is obtained using essentially the same procedure as the one
described above for obtaining the first distribution key.

The method may further comprise the steps of:

comparing the detected control parameters for each of the
evaporators, and

in the case that the detected control parameter of an evapo-
rator is significantly different from the detected control
parameters of the remaining evaporators, generating a
failure warning signal to an operator.

If the control parameter of one of the evaporators differs
significantly from the control parameter(s) of the remaining
evaporator(s), or if it is simply significantly different from
what is expected, this may be a sign that this evaporator is not
functioning in a proper manner. The evaporator may, e.g., be
failing, it may be dirty, or it may need defrost. In any event,
generating a failure warning to an operator will draw the
attention of the operator, and he or she may then investigate
the cause of the difference in detected control parameters, and
possibly take the necessary actions to solve any problem.

Thus, the method may further comprise the step of initiat-
ing defrost of the evaporator having a significantly different
control parameter upon generation of a failure warning sig-
nal. This step may be initiated manually by an operator estab-
lishing that the generated failure warning signal is occasioned
by a need for defrost of the evaporator in question. Alterna-
tively, the step may be automatically initiated, e.g. in the case
that the difference in control parameters fulfills certain crite-
ria being known to indicate that defrost is needed. This opens
the possibility of performing partial defrost of the vapor com-
pression system by temporarily closing off the supply of
refrigerant to the relevant evaporator while the remaining
evaporators continue operating, preferably in such a manner
that the total performance of the vapor compression system is
not reduced, or is only reduced insignificantly. Thereby
defrost can be performed without affecting the operation of
the system.

The method may further comprise repeating the step of
obtaining a second distribution key. According to this
embodiment, the distribution key, and thereby the refrigerant
distribution, is repeatedly adjusted, and it is thereby ensured
that the refrigerant distribution remains optimal. The step of
obtaining a second distribution key may be repeated at pre-
determined time intervals, such as regularly every hour, every
15 minutes, every 5 minutes, etc., depending on expected
variations in operating conditions for the vapor compression
system. The steps may even be repeated continuously.

Alternatively, repetition of the step of obtaining a second
distribution key may be initiated by a superheat controller.
According to this embodiment, the superheat controller may
be capable of detecting signs indicating that the distribution
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ofrefrigerant among the evaporators is not optimal. This may,
e.g., be that it is difficult for the superheat controller to keep
the SH substantially constant. The superheat controller may,
e.g., detect that the SH oscillates or cycles, i.e. that the vari-
ance of the SH increases. This may be an indication that at
least one of the evaporators allows liquid refrigerant to pass
through, at least periodically. Allowing liquid refrigerant to
pass through one of the evaporators will cause an abrupt
decrease in SH, and when liquid refrigerant no longer passes
through the evaporator, the SH will abruptly increase again.
Such a problem may be relieved by adjusting the distribution
of refrigerant among the evaporators. Accordingly, it is
advantageous if the superheat controller can ‘request’ an
adjustment, i.e. initiate the step of obtaining a second distri-
bution key, if a situation as described above occurs. As an
alternative, the superheat controller may initiate the step of
obtaining a second distribution key if a known change in
operating conditions occurs. For instance, if a flow of second-
ary fluid across the evaporators, e.g. a flow of air in the case
that the vapor compression system is an air condition system,
is altered, then the superheat controller may initiate the step of
obtaining a second distribution key in order to cause an
adjustment of the distribution of refrigerant, the adjustment
compensating such known alterations. In this case the initia-
tion of the step of obtaining a second distribution key may be
regarded as part of a feed forward strategy.

The method may further comprise the steps of:

obtaining information relating to at least one disturbance of

the vapor compression system,

deriving at least one parameter from the obtained informa-

tion, and

controlling the amount of available refrigerant in accor-

dance with the derived parameter(s), and in such a man-
ner that expected consequences of the disturbance(s) are
taken into account.

According to this embodiment, known disturbances of the
system are taken into account when the amount of available
refrigerant is controlled. Such disturbances may be or com-
prise detected variations in ambient conditions, e.g. ambient
temperature, or they may be or comprise modifications to one
or more operating parameters performed manually or auto-
matically by the system. In the latter case an expected impact
on the operation of the vapor compression system from the
modifications may be taken into account even before changes
in the operating conditions occur. In any event, expected
variations may be taken into account before the system is able
to detect that it is necessary to adjust the amount of available
refrigerant as a consequence of a disturbance. Thereby the
amount of available refrigerant can be controlled in a proac-
tive manner using a feed-forward approach. To this end a
known relation between a measurable disturbance and the
behavior of the evaporators is used for compensating the
amount of available refrigerant when a disturbance is
detected or it is known that a disturbance is about to occur.

The obtained information may comprise inlet temperature
of'a secondary fluid flow flowing across the evaporators. The
secondary fluid flow flows across the evaporators in such a
manner that it receives refrigeration or heating from the
evaporators during operation of the vapor compression sys-
tem. The fluid flow may be in the form of a flow of liquid, air,
slush ice, etc., depending on the type of vapor compression
system and the specific application. For instance, in the case
that the vapor compression system is an air condition system,
the secondary fluid flow will typically be a flow of air circu-
lated across the evaporators in order to obtain a desired tem-
perature in a room where the air condition system is posi-
tioned.
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A change in inlet temperature of the secondary fluid flow is
an indication that the refrigeration capacity necessary in order
to obtain a desired outlet temperature of the secondary fluid
flow must also be expected to change. For instance, if the
vapor compression system provides refrigeration and the inlet
temperature of the secondary fluid flow decreases, then less
refrigeration capacity will be needed in order to maintain a
desired temperature. On the other hand, if the inlet tempera-
ture of the secondary fluid flow increases, then it must be
expected that more refrigeration capacity is needed to main-
tain the desired temperature.

Alternatively or additionally, the obtained information
may comprise a flow rate of a secondary fiuid flow across the
evaporators. In the case that the secondary fluid flow is a flow
of air, the flow rate may be determined by the rotational speed
of'a fan arranged in the flow path of the secondary fluid flow,
e.g. immediately adjacent to the evaporators. Such a fan may
blow or push air across the evaporators. Accordingly, the
information relating to the flow rate of the secondary fluid
flow may be or comprise information about the rotational
speed of such a fan, e.g. information about a change in rota-
tional speed of the fan. A higher rotational speed of the fan
results in an increased mass flow of the secondary fiuid flow.
Thus, the heat transfer for the evaporator increases, and more
heating/cooling of the ambient environment is obtained. In
the case that the secondary fluid flow is a flow of liquid, a
similar situation could be obtained using a pump instead of a
fan. As an alternative, the flow rate may be directly measured,
e.g. by means of a flow meter.

Alternatively or additionally, the obtained information
may comprise a change in pressure of a secondary fluid flow-
ing across the evaporators. As seen from the controller, a
disturbance of this kind results in additional heat entering the
evaporators. The feed-forward factor compensates this dis-
turbance by calculating the corresponding additional mass
flow of refrigerant.

The step of controlling the amount of available refrigerant
may comprise multiplying the mass flow of refrigerant by a
feed-forward factor, said feed-forward factor being obtained
on the basis of the derived parameter(s).

The step of controlling an amount of available refrigerant
may be performed in such a manner that a minimal and
positive SH value is obtained. As mentioned above, this
ensures that the vapor compression system is operated in such
a manner that the potential refrigeration capacity of each
evaporator, as well as of the entire system, is utilized to the
maximum possible extent, while it is prevented that liquid
refrigerant passes through one or more of the evaporators.

The method may further comprise the step of closing off
refrigerant supply to at least one evaporator, thereby lowering
a suction pressure of the vapour compression system. This
embodiment of the invention is particularly useful in the case
that the vapour compression system is an air condition sys-
tem. In this case the increased dehumidification of the refrig-
erated volume can be obtained without increasing the refrig-
eration capacity. This is obtained in the following manner.
When the refrigerant supply to one of the evaporators is
closed off, the suction pressure of the vapour compression
system decreases until a new equilibrium point is found. This
causes the total mass flow of refrigerant in the closed loop
system, i.e. the evaporators with the feedback controller, and
thereby the amount of available refrigerant, to decrease.
However, the decrease in total mass flow does not completely
amount to the amount of refrigerant which was previously
supplied to the evaporator which no longer receives refriger-
ant. Therefore the refrigerant supply to each of the remaining
evaporators increases, and this causes the surface temperature
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of each of these evaporators to decrease. Therefore increased
condensation takes place at the surfaces of the remaining
evaporators, and therefore an increased dehumidification is
obtained without increasing the refrigeration capacity of the
system.

The present invention may be applied in various types of
refrigeration systems, including systems which have been
constructed in a centralized manner, as well as systems which
have been constructed in a decentralized manner. In the
present context the term ‘systems which have been con-
structed in a centralized manner’ should be interpreted to
mean systems, where one or more centrally positioned com-
pressors supply refrigerant to multiple refrigeration sites.
Examples of such systems include systems of the kind which
is normally used in supermarkets, or of the kind used in
certain industrial refrigeration systems.

Similarly, in the present context the term ‘systems which
have been constructed in a decentralized manner’ should be
interpreted to mean systems, where one or more compressors
supply refrigerant to a single refrigeration site. Examples of
such systems include refrigeration containers, air condition
systems, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in further detail with
reference to the accompanying drawings in which

FIG. 1 is a diagrammatic view of a vapour compression
system for use in a method according to an embodiment of the
invention,

FIG. 2 is a diagrammatic view of part of the vapor com-
pression system of FIG. 1 and illustrating a control strategy
according to an embodiment of the invention, and

FIG. 3 is a diagrammatic view of part of the vapor com-
pression system of FIG. 1 and illustrating a control strategy
according to another embodiment of the invention.

FIG. 4 is a flow chart depicting a method for controlling the
vapor compression system of claim 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a diagrammatic view of a vapor compression
system 1, such as a refrigeration system. The vapor compres-
sion system 1 comprises a compressor 2, a condenser 3, a
valve 4 and a number of evaporators 5 (three of which are
shown) connected to form a refrigerant circuit. The evapora-
tors 5 are connected in parallel between the valve 4 and a
common outlet 6 fluidly connected to the compressor 2, and
the condenser 3 is coupled in series between the compressor
2 and the valve 4.

The valve 4 is of a kind which is capable of distributing
refrigerant to each of the evaporators 5 in accordance with a
distribution key which has previously been defined.

Atthe common outlet 6, or immediately downstream of the
common outlet 6, a temperature sensor (not shown) is pref-
erably arranged for measuring the temperature of refrigerant
at this position. Thus, at the point of the temperature sensor,
refrigerant which has passed through the various evaporators
5 has once again been mixed, and it is therefore the tempera-
ture of this mixed refrigerant which is measured. This mea-
sured temperature is used for monitoring the superheat (SH)
at the common outlet, and the monitored SH is used when
controlling the vapor compression system as described
above.
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FIG. 2 is a diagrammatic view of part of the vapor com-
pression system 1 of FIG. 1 and illustrating a control strategy
according to an embodiment of the invention.

The control system illustrated in FIG. 2 comprises a sum-
mation unit 7 adapted to communicate control signals to the
vapor compression system 1, in particular to the valve 4. The
summation unit 7 receives input signals from a feedback unit
8 and from a feed-forward unit 9.

The feedback unit 8 receives a reference signal via com-
munication line 10. The reference signal may advantageously
provide information relating to a desired SH level for the
vapor compression system 1. The feedback unit 8 further
receives a feedback signal via communication line 11. The
feedback signal provides information relating to a quantity
measured at or near the common outlet 6. The measured
quantity could advantageously be the refrigerant temperature
at the common outlet 6 or a measured value of the SH level at
the common outlet 6. Based on the signals received via the
communication lines 10, 11 the feedback unit 8 generates an
input signal for the summation unit 7, the input signal pro-
viding information relating to whether or not the measured
quantity is in accordance with the reference value, and, if this
is not the case, the size and sign of the deviation. Based on this
input signal the summation unit 7 calculates the required
modification to the operation of the vapor compression sys-
tem 1 and sends the necessary control signals to the relevant
components of the system 1.

The feed-forward unit 9 stores information relating to
known disturbances of the vapor compression system 1. The
feed-forward unit 9 may receive information relating to such
disturbances from one or more sensors capable of detecting
certain types of disturbances. Alternatively or additionally,
the feed-forward unit 9 may receive information relating to
certain types of disturbances from relevant components of the
control system, such as a controller controlling rotational
speed of a fan causing a secondary flow of air across the
evaporators 5. This has already been described above. Based
onthe stored information the feed-forward unit 9 generates an
input signal for the summation unit 7. Based on this input
signal the summation unit 7 calculates the modification to the
operation of the vapor compression system 1 which is
required in order to compensate the impact on the operation of
the system 1 caused by the disturbance(s). The summation
unit 7 then sends appropriate control signals to relevant com-
ponents of the system 1.

Thus, the vapor compression system 1 shown in FIG. 2 is
operated in accordance with a feedback control strategy, and
with due consideration to known disturbances of the vapor
compression system 1, i.e. in accordance with a feed-forward
control strategy.

FIG. 3 is a diagrammatic view of part of the vapor com-
pression system 1 of FIG. 1 and illustrating a control strategy
according to another embodiment of the invention.

The control system illustrated in FIG. 3 comprises a control
unit 12 and an adaptation unit 13. The control unit 12 is
adapted to communicate control signals to the vapor com-
pression system 1, in particular to the valve 4. The control unit
12 receives a reference signal via communication line 10. The
reference signal may advantageously provide information
relating to a desired SH level for the vapor compression
system 1. The control unit 12 further receives a feedback
signal via communication line 11. The feedback signal pro-
vides information relating to a quantity measured at or near
the common outlet 6. The measured quantity could advanta-
geously be the refrigerant temperature at the common outlet 6
or a measured value of the SH level at the common outlet 6.
Finally, the control unit 12 receives an adaptation signal from

10

15

20

25

30

35

40

45

50

55

60

65

12

the adaptation unit 13. The adaptation signal provides infor-
mation relating to the distribution key, including modifica-
tions to the distribution key. Thus, the adaptation unit 13
stores information relating to the distribution key, performs
necessary adjustments to the distribution key and communi-
cates the current or valid distribution key to the control unit
12.

Based on all this information, the control unit 12 generates
a control signal and communicates this to the vapor compres-
sion system 1. Thus, the vapor compression system 1 is con-
trolled on the basis of information regarding whether or not
the measured quantity is in accordance with the reference
value, and on the basis of information relating to the distri-
bution key.

Furthermore, the control unit 12 generates a feedback sig-
nal and communicates this to the adaptation unit 13. Based on
this feedback signal the adaptation unit 13 calculates neces-
sary adjustments to the distribution key. When the distribu-
tion key is adjusted, the adjusted distribution key is commu-
nicated to the control unit 12 as described above. The
feedback signal is preferably generated while taking the feed-
back signal received via communication line 11 into account.
Thereby the distribution key is adjusted in accordance with
the impact on the measured quantity as explained previously.

Thus, the vapor compression system 1 shown in FIG. 3 is
operated in accordance with a feedback control strategy as
well as in accordance with a distribution key stored and
adjusted by the adaptation unit 13. Furthermore, the distribu-
tion key is adjusted in accordance with a feedback control
strategy.

While the present invention has been illustrated and
described with respect to a particular embodiment thereof, it
should be appreciated by those of ordinary skill in the art that
various modifications to this invention may be made without
departing from the spirit and scope of the present invention.

What is claimed is:

1. A method for controlling a vapor compression system,
the vapor compression system comprising a compressor, a
condenser, at least two evaporators fluidly connected in par-
allel between the compressor and an expansion device com-
prising a multi-valve connected to each of the evaporators for
controlling a flow of refrigerant across each of the evapora-
tors, the at least two evaporators sharing a common outlet
fluidly connected to the compressor, the method comprising
the steps of:

monitoring a superheat, SH, only at the common outlet of

the at least two evaporators;

controlling an amount of available refrigerant in response

to the monitored superheat, SH, at the common outlet of
the at least two evaporators; and

operating the expansion device to provide a superheat, SH,

level which is sufficiently high to prevent liquid refrig-
erant from passing through the evaporators;

obtaining a first distribution key determining the relative

allocation of available refrigerant among each of the
evaporators, while the superheat, SH, level is suffi-
ciently high to prevent liquid refrigerant from passing
through the evaporators;

adjusting the relative allocation of available refrigerant

through each of the evaporators to be in accordance with
the first distribution key;

operating the expansion device to lower the superheat, SH,

level, by increasing opening time of the expansion
device or by decreasing the refrigeration load on the
vapor compression system;

obtaining a second distribution key at the lowered SH level

obtained by said operation of the expansion device, the
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second distribution key modifying the first distribution
key’s relative allocation of available refrigerant among
each of the evaporators for the lowered SH level; and

distributing the available refrigerant among each of the
evaporators in accordance with the second distribution
key’s relative allocation of available refrigerant by using
the expansion device.

2. The method according to claim 1, wherein the expansion
device comprises at least one valve.

3. The method according to claim 1, wherein for each
evaporator, a time interval during which the multi-valve sup-
plies refrigerant to the evaporator can be adjusted, and
wherein the step of controlling an amount of available refrig-
erant comprises adjusting said time interval for each of the
evaporators in such a manner that the mutual distribution of
refrigerant among the evaporators is maintained.

4. The method according to claim 3, wherein the step of
controlling an amount of available refrigerant comprises
adjusting the length of a combined time interval during which
refrigerant is supplied to one of the evaporators relatively to
the length of a combined time interval during which no refrig-
erant is supplied to the evaporators.

5. The method according to claim 1, wherein the step of
obtaining a first distribution key comprises the steps of:

a) modifying the distribution of refrigerant through the
evaporators in such a manner that a mass flow of refrig-
erant through a first evaporator is altered while keeping
the total mass flow of refrigerant through all the evapo-
rators substantially constant;

b) when a significant change in superheat, SH, occurs,
detecting a control parameter based on the change in
mass flow of refrigerant through the first evaporator
obtained during step b), the significant change in SH
being either one of: 1) amass flow through an evaporator
being increased, the SH then decreasing significantly
when the mass flow is sufficiently large to allow liquid
refrigerant to pass all the way through the evaporator, or
2) a mass flow through an evaporator being decreased,
the SH then increasing significantly when the mass flow
is sufficiently small to prevent liquid refrigerant to pass
all the way through the evaporator; and

¢) repeating steps a) to ¢) for each of the remaining evapo-
rator(s),

wherein the step of adjusting the distribution of refrigerant
through each of the evaporators to be in accordance with
the first distribution key is performed on the basis of the
detected control parameters.

6. The method according to claim 1, wherein the step of

obtaining a second distribution key comprises the steps of:

a) modifying the distribution of refrigerant through the
evaporators in such a manner that a mass flow of refrig-
erant through a first evaporator is altered while keeping
the total mass flow of refrigerant through all the evapo-
rators substantially constant,

b) when a significant change in superheat, SH, occurs,
detecting a control parameter based on the change in
mass flow of refrigerant through the first evaporator
obtained during step b), the significant change in SH
being either one of: 1) amass flow through an evaporator
being increased, the SH then decreasing significantly
when the mass flow is sufficiently large to allow liquid
refrigerant to pass all the way through the evaporator, or
2) a mass flow through an evaporator being decreased,
the SH then increasing significantly when the mass flow
is sufficiently small to prevent liquid refrigerant to pass
all the way through the evaporator, and
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¢) repeating steps a) to ¢) for each of the remaining evapo-
rator(s).

7. The method according to claim 1 wherein the step of

obtaining a first distribution key comprises the steps of:

a) modifying the distribution of refrigerant through the
evaporators in such a manner that a mass flow of refrig-
erant through a first evaporator is altered by a predefined
amount while keeping the total mass flow of refrigerant
through all the evaporators substantially constant,

b) detecting a control parameter based on the change in
mass flow of refrigerant through the first evaporator
obtained during step b), said control parameter reflect-
ing a change in superheat, SH, occurring as a result of the
modification of the distribution of refrigerant, and

¢) repeating steps a) to ¢) for each of the remaining evapo-
rator(s), and

wherein the step of adjusting the distribution of refrigerant
through each of the evaporators to be in accordance with
the first distribution key is performed on the basis of the
detected control parameters.

8. The method according to claim 1, wherein the step of

obtaining a second distribution key comprises the steps of:

a) modifying the distribution of refrigerant through the
evaporators in such a manner that a mass flow of refrig-
erant through a first evaporator is altered by a predefined
amount while keeping the total mass flow of refrigerant
through all the evaporators substantially constant,

b) detecting a control parameter based on the change in
mass flow of refrigerant through the first evaporator
obtained during step b), said control parameter reflect-
ing a change in superheat, SH, occurring as a result of the
modification of the distribution of refrigerant, and

¢) repeating steps a) to ¢) for each of the remaining evapo-
rator(s).

9. The method according to claim 5, further comprising the

steps of:

comparing the detected control parameters for each of the
evaporators, and

in the case that the detected control parameter of an evapo-
rator is significantly different from the detected control
parameters of the remaining evaporators, generating a
failure warning signal to an operator.

10. The method according to claim 9, further comprising
the step of initiating defrost of the evaporator having a sig-
nificantly different control parameter upon generation of a
failure warning signal.

11. The method according to claim 1, further comprising
repeating the step of obtaining a second distribution key.

12. The method according to claim 1, further comprising
the steps of:

obtaining information relating to at least one disturbance of
the vapor compression system,

deriving at least one parameter from the obtained informa-
tion, and

controlling the amount of available refrigerant in accor-
dance with the derived parameter(s), and in such a man-
ner that expected consequences of the disturbance(s) are
taken into account.

13. The method according to claim 12, wherein the
obtained information comprises inlet temperature of a sec-
ondary fluid flow flowing across the evaporators.

14. The method according to claim 12, wherein the
obtained information comprises a flow rate of a secondary
fluid flow across the evaporators.

15. The method according to claim 12, wherein the
obtained information comprises a change in pressure of a
secondary fluid flowing across the evaporators.
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16. The method according to claim 12, wherein the
obtained information comprises a change in rotational speed
of'a fan driving a secondary fluid flow across the evaporators.

17. The method according to claim 12, wherein the step of
controlling the amount of available refrigerant comprises
multiplying the mass flow of refrigerant by a feed-forward
factor, said feed-forward factor being obtained on the basis of
the derived parameter(s).

18. The method according to claim 1, wherein the step of
controlling an amount of available refrigerant is performed in
such a manner that a minimal and positive superheat, SH,
value is obtained.

19. The method according to claim 1, further comprising a
step of closing off refrigerant supply to at least one evapora-
tor, thereby lowering a suction pressure of the vapor compres-
sion system.
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